The aim of this study was to monitor changes in the expression of immune-related genes in the bladder after tumor implantation. Mice were orthotopically implanted with MB49-PSA cells (C57BL/6 mice) on day 1 and terminated on days 7, 14, 21, and 28. Another mouse model (MBT-2/C3H mice) was examined at day 7. Gene expression analysis was performed using a TaqMan Low Density Mouse Immune Panel (Applied Biosystems, USA) on RNA extracted from the bladders. Selected genes were reconfirmed by real-time PCR analysis and RT-PCR on the mRNA from other animals. Immune suppressive (IL13, IL1β, PTGS2, NOS2, IL10, CTLA4, and CCL22) and immune stimulatory genes (CSF2, GZMB, IFNγ, CXCL10, TNFα, CD80, IL12a, and IL6) and AGTR2 were increased by day 7. By day 28, IL10, CCL2, CCL5, CXCL11, CTLA4, GZMB, IFNγ, CSF2, and IL6 were significantly increased. Therapeutic strategies involving TH1 induction and TH2 dampening may improve responses to immunotherapy.
Introduction
Bladder cancer is the 7th most common cancer worldwide. Though bladder cancer is not usually life threatening, it is prone to recurrences which may progress to invasive cancer. Transurethral resection of the bladder tumor (TURBT) followed by Mycobacterium bovis, Bacillus Calmette Guerin (BCG) immunotherapy reduces the incidence of recurrence, but some 30-50% of patients do not respond to therapy [1, 2] . Recurrences are attributed to remnant tumor cells missed during surgery as a second surgical procedure prior to BCG therapy improves the response to therapy [1] . The immune response induced by BCG immunotherapy may inadvertently ensure the survival of less immunogenic remnant tumor cells which could give rise to recurrence and progression. The increased incidence of progression in patients who fail BCG immunotherapy gives some credence to this latter possibility [1] .
Tumor immune editing is a dynamic process that has 2 important participants the tumor cells and the immune cells. Their interaction determines whether tumor regression or growth occurs. Orthotopic murine models of bladder cancer generated by implanting syngenic cell lines have been used to evaluate response to gene therapy. One such model, MB49 cells implanted in C57BL/6 mice, has been shown to be fairly similar to human bladder cancers [3] . Several cytokine genes have been evaluated for their ability to induce tumor regression in this model. Intravesical delivery of IL2 cured 40% of mice [4] , IFNγ cured 50-80% of mice based on the amount of IFNγ secreting retrovirus delivered [5] , TNFα cured 67% of mice [6] , IFNα singly and/or with GMCSF cured 20-50% of mice [7, 8] , adenovirus delivery of IL12 cured 88% of mice [9] , and AdCD40 L delivery cured 60% of mice [10] . Tumor cells expressing IL12 and IL18 were completely rejected in mice [11] . The poor response to intravesical therapy has been attributed to the inadequacies of the gene delivery systems whether viral [12] or nonviral [13, 14] . However, MB49 cells were shown by Yang and Lattime [15] and Halak et al. [16] to induce the expression of IL10 in the bladder. IL10 is an immunosuppressive gene and its expression may have contributed to the poor response. Besides IL10, there may be other immunosuppressive mechanisms involved in the interplay between the immune system and the tumor cells.
The aim of this study therefore was to characterize the changes in the bladder environment after orthotopic tumor cell implantation. In general, tumors implanted in the bladder if not treated result in death after about 4-6 weeks. Some mice may show spontaneous cures in this time period. To understand the events that occur during tumor growth in the bladder environment, we chose to evaluate gene expression changes soon after tumor cell implantation (7th day) and at a later stage (28th day). Several immunosuppressive genes were induced after tumor implantation, and these represent possible new targets for therapy. A few mice were also examined 14 and 21 days after tumor implantation. Our results indicate that the TH1/TH2 balance in the tumor environment varies with time and may influence the success of any therapy.
Methods

Tumor Implantation.
All animal work adhered to the National University of Singapore, Institutional Animal Care and use Committee (IACUC), guidelines on animal use and handling. Four to six-week-old female C57BL/6 mice were orthotopically implanted with MB49-PSA (prostate-specific antigen secreting MB49 cells) [8] using poly-L-lysine (PLL) as described by Ninalga et al. [17] . Mice were anesthetized with 75 mg ketamine/kg and 1 mg medetomedine/kg of animal weight (0.1 mL/10 g mice body weight) prior to implantation. MB49 cells were originally obtained from Prof T Ratliff, Purdue University. Briefly, mice were given a bladder instillation of 0.1 mL of sterile 0.01% PLL (Sigma-Aldrich, St. Louis, Mo, USA) for 20 mins prior to instillation of the tumor cells (1 × 10 6 cells/mL) for 2 hours. Control mice were treated with PLL but not implanted with tumor cells. PSA levels in urine were monitored using a free-PSA chemiluminescence ELISA kit (Autobio Diagnostics, Zhengzhou, China) and normalized against creatinine levels using a kit (Wako Pure Chemicals Industries, Osaka, Japan). Mice were killed on days 7 and 28 and RNA isolated from the bladders. For gene expression studies, 10 mice were used per group. To determine gene expression changes with time, at least 3 mice were sacrificed on days 7, 14, 21, and 28. For flow cytometry studies, 6 mice were sacrificed on day 28 and tissues were pooled from 2 mice for analysis.
Similarly, four-to-six-week-old female C3H/HeJ mice were orthotopically implanted with MBT2-PSA (prostatespecific antigen secreting MBT2 cells) while control C3H/HeJ mice were treated with PLL only. After 7 days, 4 mice from each group were sacrificed for gene expression analysis.
RNA Isolation and
Real-Time LDA Panel. Frozen bladders and lymph nodes were soaked overnight in RNAlater-ICE (Ambion, Austin, Tex, USA) at −20 • C before they were homogenized in TRIzol Reagent (Invitrogen, Carlsbad, Calif, USA). CDNA was reverse transcribed from total RNA (10 μg per sample) with random primers using the High-Capacity cDNA Reverse Transcription Kit with RNase Inhibitor (Applied Biosystems, Foster City, Calif, USA). MRNA expression was analyzed using a TaqMan Low Density Mouse Immune Panel (Applied Biosystems) containing a panel of 96 immune-related genes (cytokines, chemokines, growth factors, immune regulators, apoptosis markers, ischemia markers, tissue-specific markers, and others including classic and endogenous controls) as described by Cai et al. [18] . Detection and analysis was performed on the ABI PRISM 7900HT Sequence Detection System with ABI 7900HT SDS Software Version 2.2.1 with the following parameters: 2 mins at 50
• C, 10 mins at 94.5
• C, and 40 cycles of 30 s at 97
• C for denaturation and 1 min at 59.7
• C for transcription. Differential gene expression profiling was performed using the comparative C T method of relative quantitation. All samples were loaded in triplicate, and results with C T SD ≥ 0.3 were discarded. The lowest limit of detection is C T = 32 thus any gene with a C T value beyond 32 is considered not detectable. Only genes displaying at least a 2-fold difference in expression level relative to control were considered to be upregulated. Gene expression was confirmed using real-time PCR analysis for a select group of genes. • C for denaturation and 1 min at 60 • C for transcription. All samples were measured in triplicates and normalized with beta actin. The lowest limit of detection is C T = 35.
Semiquantitative PCR was performed as described before [19] for 35 cycles. The PCR products were separated on agarose gels, and band intensities were quantified with Gene Tools analysis software (SynGene, Cambridge, England) and normalized against GAPDH or beta actin and expressed as relative quantitation (RQ). Table 1 lists the genes, primer sequences, annealing temperature, and the size of the PCR products.
Flow Cytometry Analysis.
Bladders were harvested, placed in RPMI-1640, and cut into smaller pieces before digestion with collagenase (Sigma-Aldrich) for 30 mins at 37
• C. The suspension was filtered through a 70 μm cell strainer (BD, Franklin Lakes, NJ, USA) and centrifuged at 10.4 g for 5 mins at 4
• C. The samples were incubated in RBC lysis buffer (150 mM NH 4 Cl, 10 mM KHCO 3 , and 0.1 mM EDTA) for 5 mins at room temperature and rinsed twice in cold PBS. The number of cells in each sample was enumerated with a haemocytometer. Pooled samples were resuspended in buffer containing 1% (w/v) BSA and 0.01% sodium azide in 1xPBS. Samples were assessed for T cells IL12a F  CCATCGATGAGCTGATGCAG  58  340  IL12a R  ATGCTGAGGTAGCTGTGCCA  IL13 F  TGTCTCTCCCTCTGACCC  60  201  IL13 R  TACAGAGGCCATGCAATATCC  IL15 F  ATGAACTGCTTTCTCCTGGAA  60  205  IL15 R  TGGACAATGCGTATAAAGCTTTGC  IL17 F  CCAGGGAGAGCTTCATCTGT  58  431  IL17 R  AAGATGCTGGTGGGTGTGGG  IL1b F  GGCAACTGTTCCTGAACTCAACTG  62  739  IL1b R  GCTTGTCTGCTGCTTGTGAGGTGC  IL2 F  TGATGGACCTACAGGAGCTCCTGAG  60  191  IL2 R  GAGTCAAATCCAGAACATGCCGCAG  IL6 F  GATGCAACCAAACTGGATATAATC  60  225  IL6 R  GAGCATTGGAAGTTGGGGTA  NOS2 F  AAAGCCACGAGGCTCTGACA  58  259  NOS2 R  ACCATCACGCTCGAGGTTGA  PTGS2 F  ATGCTCTTCCGAGCTGTGCT  55  239  PTGS2 R  GTGGGTCAGGATGTAGTGCA  TBET F  CTAAAGCTCACCAACAACAAG  55  840  TBET R GTTGGGAAAATAATTATAAAA 
Results
Tumor Growth and Gene Expression.
The murine bladder cancer cell line MB49 was modified to secrete PSA so that PSA levels could be used as a surrogate marker for the presence of tumors [8] . MB49-PSA, like the parental MB49, is fairly immunogenic, and some mice were spontaneously cured (35%) after tumor implantation. MB49 cells express the HY antigen as they were originally isolated from a male mouse [20] as well as BLCA-4, PSCA, and STEAP [21] and consequently are immunogenic, and some mice may become cured without any therapy [6, 7] . The tumor implantation technique used has a 100% implantation efficiency [17] , and this was confirmed by measuring PSA secretion in the urine. The growth of the tumors in the bladder was also monitored by measuring urinary PSA levels. Figure 1(a) , top right panel shows tumor bearing bladders harvested at day 7, when the tumors were small and at day 28 (bottom right panel) when the tumors were large. In all mice, an initial increase in urinary PSA secretion was observed at day 11 but later as some mice were cured, PSA secretion decreased, Figure 1(b) .
To confirm the presence of tumors at the point of termination of the study, PSA mRNA levels were determined by real-time PCR analysis, Figure 1(c) . This is especially important in mice with low PSA protein levels in urine as real-time PCR analysis is a more sensitive method to confirm the presence of tumors. RNA isolated from samples with confirmed tumors was used to probe a real-time gene expression array of cytokine/chemokine genes. For each time point, two independent samples were analyzed on the arrays. The correlation between the arrays is shown in Figures 1(d) and 1(e). The data from the day 7 arrays showed greater homology than those from the day 28 arrays indicating the greater diversity of the evolving tumor and the tumor microenvironment. To validate the array data, 9 genes were selected to be reconfirmed by real-time PCR using the same mice samples that were used on the array. The LDA data was comparable with the data obtained from real-time analysis, Figure 1 (f) confirming the validity of the array data.
The genes up-and downregulated on both arrays are summarized in Figure 1 (g). Seventeen genes were upregulated in both day 7 and day 28 bladders as shown in Figure 1 (g). At Day 7, proteins associated with MHC class I and II receptors (β2M, CD3e, H2-EB1, HMOX1, and PTPRC) and monocytes and dendritic cells (CD40, CD80, and CD86) chemokine and cytokine genes (CCL2, CCL5, CSF3, CXCL10, CXCL11, GZMB, IFNγ, IL1b, NOS2, PGK1, PRF1, SOCS1, and TNF) and receptors (IL2ra) attachment and trafficking proteins (CCR2, VCAM1) and the transcription factors that regulate their expression (STAT1, NFKB2) were upregulated. Genes upregulated uniquely by day 28 include CCL3, CCR7, CD8a, CSF2, FASL, IL10, IL1a, IL6, PTGS2, and STAT4. IL10, PTGS2, and FASL are known to suppress the immune response and SMAD7 which inhibit TGFβ, and bone morphogenetic protein expression was downregulated which would lead to an environment favoring tumor growth. But there were increased CSF2, CCL3, and IL6 which would recruit immune cells as well as increased CD8a expression. Thus, the tumor environment is a dynamic one with infiltrating immune cells trying to destroy the tumor in an environment that can be inhibitory to their activation and/or action.
Validating Gene Expression Changes and Immune Cell Infiltration in Tumor Bearing
Mice. To validate the array data, the expression of selected genes was assayed in other mice. This included 17 of the differentially expressed genes from Figure 1 (g) and 12 that were determined to be similar to controls. The expression of these genes in MB49 cells was also examined. Table 2 summarizes the results of the analyses which were performed using either real-time analysis or semiquantitative PCR.
Several of the genes, whose expression was increased in the bladder at day 7, were found to be expressed by MB49 cells, such as CSF2, PTGS2, CXCL10, TGFβ1, CCL2, and CCL5. The increased expression of IFNγ in the bladder at day 7 is probably due to CXCL10 being secreted by the tumor cells (Table 2 ), but MB49 itself does not express IFNγ.
Increased expression of CD80, GZMB, and CTLA4 is probably due to immune cell infiltration of the bladder at day 7. By day 28, GZMB and CTLA4 were still significantly increased and CD80 was elevated compared to control animals. Immune cells in the bladder at day 28 were analyzed using flow cytometry, Table 3 . There was increased CD3 + CD8 + in the bladder at day 28 which was consistent with the increased CD8a expression noted on the array.
B cells were significantly increased in the bladder at day 28, Table 3 . The presence of CTLA4 may explain the lack of tumor reduction despite infiltrating immune cells. CTLA4 binds to CD80 on antigen-presenting cells and blocks the activation of T cells. The transcription factors TBET, GATA3, and FOXP3 regulate TH1, TH2, and Treg development. Table 4 . There were a clear and significant decrease in AGTR2 expression and increase in CTLA4 and GMCSF expression with increasing PSA levels. Further, it appeared that the large tumors expressed high levels of TH1 cytokines like IFNγ and even TNFα. Thus, there must be immune-suppressive factors blocking tumor eradication.
As a further test of the robustness of the data obtained, another mouse tumor model, C3H mice bearing MBT-2 tumors, was also evaluated. About 36.8% (7/19) of the genes, namely, CSF2, TNFα, CCL22, CXCL10, IL13, IL1b, and IFNγ were significantly upregulated in both mice models by day 7. 
The Immune Environment Shapes the Tumor.
To monitor the change in gene expression with time, bladders were also harvested at day 14 and 21 after tumor cell implantation and examined for the expression of IFNγ, CXCL10, TGFβ, IL10, and PTGS2. IL10 and IFNγ were chosen as these are not produced by the tumor cell line and their presence denotes expression by immune or other urothelial cells. Further, Data is expressed as the mean RQ ± SD. N: number of mice samples analyzed; "-": not done. " * " Significant (P < 0.05) with respect to control. both these cytokines were upregulated in the two tumor models that were evaluated. IFNγ decreased with time as did CXCL10, but not as dramatically as CXCL10. This was not a result of tumor reduction but of the process of selection for a less immunogenic cell type as PSA levels did not decrease as dramatically (Figures 2(a) to 2(d) ). Analysis of day 14 and day 21 samples showed that the decrease in CXCL10 from days 7 to 14 was followed by a concomitant increase in IL10 over the same period. Thus, while the tumor changes the environment in the bladder, as shown by the increase in IFNγ and IL10, it too is changed by the activity of the immune cells recruited to the bladder which selectively destroy the immunogenic cells and thus encourage the survival of less immunogenic cells.
Discussion
A comparison of the gene expression patterns in tumorbearing animals revealed the variability of gene expression, as there were only a 55% homology at day 7 and a 41.6% homology at day 28 in gene expression between mice. This indicates the heterogeneous nature of the tumor cells that Genes that are underlined were present at both day 7 and day 28. Genes in the shaded box were found only at day 28. Genes whose expression was upregulated are indicated by arrows pointing up, and those that were downregulated are indicated by arrows pointing down.
were implanted. As tumors grew in the bladder, there were both sculpting of the tumor cells by immune cells as well as suppression of the immune cells infiltrating the tumor by the tumors themselves.
By day 7, IFNγ, CSF2, CXCL10, GZMB, PTGS2, TNFα, CD80, CCL22, IL12a, IL13, IL1b, IL6, NOS2, and CTLA4 were significantly upregulated in the tumor-bearing mice bladders and AGTR2 and GATA3 were downregulated. These genes could lead to active immune cell recruitment (CSF2, CXCl10, and IFNγ) and modulation of immune cell activation (IL12a, IFNγ, CSF2, CD80, GZMB, NOS2, and CTLA4), and the generation of an inflammatory environment (IL6 and IL1b). Based on the genes identified granulocytes, NK cells and T cells would be attracted by CSF2, CXCL10, and CCL22 to the bladder. As a consequence of the presence of NK and T cells, there would be increased expression of GZMB and IFNγ Figure 3 . TNFα could induce direct cytotoxic effects on tumor cells [6] . The inhibitory activity of IL13, IL1b, PTGS2, NOS2, and CTLA4 [22] [23] [24] [25] [26] on the immune response would enhance tumor growth. CCL22 has been linked to the recruitment of suppressor T cells [27] , but it also recruits other immune cells which may reduce tumor growth in the absence of Tregs. Similarly, IL13 has been reported to be both pro-and antitumor [22, 28] . By day 28, IL10, CCL2, CCL5, and CXCL11 which were slightly increased at day 7 were significantly increased in the bladder. Also CTLA4, GZMB, IFNγ, TNFα, and IL6 remained significantly increased in the bladder, Figure 3 . When gene expression was analyzed with respect to tumor sizes, both immunosuppressive (CTLA4) and immune stimulatory (IFNγ and TNFα) genes were increased with increasing tumor size.
Increased CD8 T cells and B cells were found in the bladder at day 28. In human urothelial cancer tissue, increased tumor infiltrating CD8 T cells correlates with better diseasefree survival [29] . However, we have previously found that immune cells recruited to the bladder are usually located at the periphery of the tumor mass [30] and may thus 9 be ineffective in the tumor environment. This could be caused by the immunosuppressive genes identified in this study such as CTLA4. The MB49 cells express several tumor antigens as do human bladder tumors [31] . It is likely that immunosuppressive molecules induced by the tumors may prevent the activation of an adequate immune response against the tumor antigens. In support of this view, bladder cancer patients receiving anti-CTLA4 therapy showed an increase in the ratio of effector to regulatory T cells as well as tumor antigen-specific CD4 T cells [24] .
AGTR2 was consistently downregulated in all tumor bearing samples. This receptor downregulates the stimulatory effect of EGF on the growth of prostate cancer cells [32] . AGTR2 acts with TIMP3 to block angiogenesis [33] , but in AGTR2 knockout mice there was impaired induction of peripheral angiogenesis [34] . Identifying the cells expressing AGTR2 may clarify the likely role of AGTR2 in angiogenesis. AGTR2 expression has been associated with apoptosis in prostate cancer cells [35] . It needs to be determined if AGTR2 has a similar function in human bladder cancer cells. If it does have a similar effect, then reintroduction of this gene may eradicate tumors in the bladder.
Genes that were upregulated at day 7 represent early changes that have occurred in the bladder, while those that appear later may represent genes that promote survival of the tumor. Both MB49 and MBT-2 cells express the chemokine CXCL10 (IP10) as do human bladder tumors [36] and this chemokine has proinflammatory and angiostatic effects in the tumor microenvironment [37] . FOXP3-positive T cells and increased IL10 levels are present in human bladder cancers [38] and in the mice models. IL1b, IL6, GMCSF, MCSF, GCSF, and TNFα are expressed in a human bladder carcinoma cell line [39] . Local production of CCL2 (monocyte chemoattractant protein-1 (MCP-1)), in patients, correlated significantly with bladder cancer progression [40] . CCL22 (macrophage-derived chemokine (MDC)) and NOS2 have been shown to be expressed in clinical tissue specimens [36, 41] . Blocking CCL22 with siRNA during the differentiation and maturation of DC can block Treg recruitment [42] , thus this is a good target for inhibition of tumor-induced immune suppression. IL13 suppression has both pro-and antitumor effects depending on the cell type producing it [22, 43] . A role for IL13 in human bladder cancer has not been determined as yet. PTGS2 or cyclooxygenase 2 (COX2) was found to be positive in 60% (368/617) of bladder cancer tissue [44] . In human urothelial cancer, TGF beta has been shown to correlate with disease progression [45] . Thus, the murine models are representative of the human disease and the new genes identified as being differentially expressed in this study may represent new targets for therapy of human bladder cancers.
Our data shows that there are both TH1 and TH2 genes upregulated by the presence of tumor cells. Arum et al. who evaluated a rat orthotopic model of bladder cancer also found that host immune response pathways were actively upregulated after tumor implantation [46] . Any cytokine that tilts the TH1/TH2 balance in favor of a TH1 response may induce tumor regression. It was recently reported that tilting the TH1/TH2 balance may block the immune suppression of CD8 T cells by mononuclear phagocytes [47, 48] . Better therapeutic responses could be induced by not only inducing TH1 responses but also concurrently suppressing TH2 responses.
